Medical waste management is of great importance due to its infectious and hazardous nature and its management is not fully understood. This study examined the medical waste management practices in two large hospitals (El Shifa and Al Aqsa hospitals) in Gaza strip. The study used face to face questionnaire, workshops, interviews to managers and field observations for data collection. Results showed that both hospitals did not quantify medical wastes but medical wastes were separated in each department. Field observation indicated that medical waste separation into infectious medical waste and non-infectious medical waste was not conducted according to WHO (World Health Organization) standards or any specific standards. Medical wastes were transported from each department to waste container inside the hospital then moved to the storage area or municipal container. Medical waste employees (n = 51; 66.2%) revealed that medical wastes are stored temporarily in the hospital in a not suitable place in terms of ventilation, lighting and easy access. Furthermore, occupational safety among employees was not fully implemented, as large percentage of them (n = 48, 94.1%) revealed that the used protective clothes during work were not fully effective. Furthermore, incineration was the main treatment of infectious medical waste whereas, non-infectious wastes were disposed in landfills. Additionally, both hospitals did not provide any training for employees regarding medical waste management. In conclusion, medical waste management is far below WHO standards in both hospitals. It is recommended to provide training courses to the employees to improve the quality of environmental health and reduce health hazards in the hospitals.
Introduction
Medical waste management is an important issue in the hospital to maintain the quality of health and reduce hazards to the employees, patients and visitors. Hospitals are crowded with employees, and visitors who may produce large fractions of waste that may increase the problem of medical waste management and pose threats to public health and environment [1] .
Management of medical waste is a curtail issue to reduce hazards. Several efforts have been conducted to standardize management of wastes, this includes European classification of wastes [2] , collection and disposal of waste [3] . So far, medical waste was not a priority in Palestine [4] , and it was manually managed [5] . Nevertheless, medical waste management is poorly investigated in the region, deep research and quantitative data are marginally available. Medical waste management was conducted in Egypt [6] , in Tehran [7] , in Jordan [3] , in Palestine [4] and other countries. The authors revealed different results probably due to different population in each country.
It has been shown that medical waste generation depends on many factors such as health care type, hospital specialization, available waste segregation options, number of hospital beds, and proportion of patients treated on a daily basis [8] . It has been found that medical waste in Greece was varied from 0.00124 kg/bed/day (private psychiatric hospitals) to 0.718 kg/bed/day (public university hospitals) [9] , whereas in Bangladesh, the rate was 0.57 kg/patient/day [10] . The rate of medical waste in Palestine was between 0.33 and 0.84 kg/patient/day [11] , but updated report [12] found 1.306 kg/bed/day and an occupancy rate of 80%. other reports [13] found 0.85 kg/bed/day. Nevertheless, the generated waste in Iran included 51.6% of infectious waste, 47.2% general waste and 1.2% sharps [14] .
Nevertheless, lack of awareness about medical waste management and financial analysis of all disposal coast may lead to a failure of management [15] . So far, the best medical waste management practice is to prevent and reduce the generation of waste [16] whereas medical waste treatment included: Autoclave, Microwave, Chemical Treatment: Incineration and land filling [17] .
Medical waste management in Gaza Strip has not received sufficient consideration in health facilities. In fact, there may be inadequate management of medical waste in which they may be dumped with domestic waste. This may cause a major risk to the health of municipal workers. The authors designed this study to investigate medical waste management in two large hospitals in Gaza Strip in order to characterize, highlight, and suggest methods to improve the medical waste management in Gaza strip-Palestine.
Methodology

Study Area
Two hospitals in Gaza strip, El Shifa hospital and AL Aqsa hospital, were selected because they are located in different locations and serve many popula-tions. These hospitals include many medical departments.
Sample Size
About 246 employees (169 health and 77 cleaning worker) in both hospitals were randomly selected for data collection based on Slovin's Formula. The criteria for sample collection were actual representation without bias to any group with a low margin of error.
Data Collection
Data were collected according to the following steps.
Field Visits
Field visits to both hospitals were to oversee the daily practices of medical waste segregation, collection, storage, transportation and disposal. So far, the inspection of these activities was conducted by visual rating [18] 
Face to Face Interviews
Face to face interviews were conducted stakeholders (Infectious Control Unit Officer, Primary Care and Preventive Medicine Officer) to collect in-depth details on medical waste management at both hospitals.
Data Analysis
The collected data were carefully checked and analyzed by SPSS program using the computer software SPSS version 22.0. Then statistical analysis included, average and standard deviation calculation. Percentages of values were also determined. P-value was calculated to check difference among hospitals.
Results
Socio Demographic Factors
Distribution of questionnaire respondents based on socio demographic factors is shown in Table 1 .
It can be seen that male employees were the majority in both hospitals whereas female employees were the minority. Furthermore, four age groups are working in medical waste management, the majority of them (17.9% -30.9%) are in the thirties (30 -39 year) and the minority (6.1% -6.5%) of them were above fifties. Moreover, five education levels (illiterate, primary, secondary schools, diploma, first university degree and above) were found among medical waste management workers. Majority of employees (14.6% -23.2%) have university degree whereas the minority of them were illiterate (3.3% -6.5%). Daily working hours were in the range of 6 -8 hr/day. Additionally, there are differences in the above tested categories in both hospitals. This is probably due to differences in population size that each hospital services.
Composition of Medical Waste
Types of clinical waste generated daily at the surveyed healthcare facilities are presented in Table 2 .
Medical wastes collected from both hospitals are presented in Table 2 . The waste included sharp, infectious wastes and pathological wastes. Based on employee replies, sharps wastes were the highest (n = 140; 82.8%), followed by infectious wastes (n = 136; 80.5%) and pathological wastes (n = 110; 65.1%). Moreover, the data indicated that medical waste in Shifa hospital is greater than Al-Aqsa hospital.
Segregation and Containers
Medical waste segregation practices at hospital are presented in Table 3 .
Large fraction (n = 73, 73%) of medical staff at El Shifa hospital replied No to the question "On department medical waste separation" indicating no medical separation occurred on department whereas the opposite is right at Al Aqsa hospital, the majority replied yes (n = 39.56%) to the same question. On the other hand, similar trends of responses were observed for the second question (Special mark of medical wastes container). Furthermore, majority of medical staff in both hospitals indicated positive answer to the question Availability of containers and bags in the hospitals, whereas low fraction responded with No to the same question mentioned above. On the other hand, majority of interviewed staff responded no to the question "Containers and bags available conform to color code". So far, similar answer was observed to the question "Separation of general waste from medical waste" and the following one "Storage of medical waste according to the color code". These answers indicated that regulations and separation standards of medical wastes are not applied in both hospitals. Medical waste segregation practices at hospital for cleaning workers are presented in Table 4 .
It can be seen that majority of workers (76.9% -71.4%) in both hospitals replied Yes to the question "are there containers in all places that can produce medical waste". On the other hands minority of them indicated that they did not know. Furthermore, different replies were obtained regarding the question "are containers for medical wastes identified and distinguished from general". Moreover, Health majority of workers in both hospitals indicated that sharp waste were collected separately.
Field Observations
Field observations indicated the presence of red, yellow and black boxes for sharp waste, infectious waste and normal waste respectively. So far, Black boxes were dumped in the municipality containers inside the hospital whereas red and yellow boxes were disposed to the storage room for incineration The interview and site visits indicated that separation of infectious and noninfectious medical waste were not conducted according to WHO standards or any specific rules and standards.
Pathological Waste
Pathological wastes such as placenta, organs, tissues, blood, and other wastes were collected separately both hospitals and buried by the family of the patient.
Pharmaceuticals Wastes
Field visits to both hospitals indicated the presence of specialized committees that have responsibility of dumping expired medicine, unused or contaminated drugs and vaccines. The committee in each hospital decides the amount of pharmaceuticals that should be incinerated in the hospital. Table 5 presents information about waste collection practices. It can be seen that cleaners in both hospitals stated that bags were filled above their storage capacity whereas other fraction gave different replies. On the other hands majority of cleaners indicated that bags are closely tied before transfer to the dumping site. Additionally, majority in both hospitals (75% -79%) did not observe any leakage from the medical waste during transport to dumping site.
Medical Waste Collection Practices
In contrast, majority of workers (79.6% -89.3%) indicated that vessels used for the transport of a sharp waste are perforated. Moreover, majority or worker (67.3% -78.6%) in both hospitals indicated that precautions are taken to prevent leakage of fluids from the bags. Table 6 shows the replies of cleaning staff to medical waste transport methods. Majority of the cleaners in both hospitals (77.6% -85.7%) revealed that washing and distinction of waste containers occurred on daily basis on both hospitals whereas the minority provided negative answers. They also indicated that washing and disinfection of waste container are their own responsibilities. Additionally, majority of cleaners (83.7% -85.7%) indicated that the number of transportation trolleys in the hospital is commensurate with the volume of waste whereas 
Medical Waste Transport Methods
Medical Waste Storage, Suitability and Safety
Medical Waste storage, suitability, capacity, safety and Accessibility at hospitals are presented at Table 7 . It can be seen that majority of workers in both hospitals (78.6% and 59.2%) revealed that medical wastes are temporally storage in side hospitals whereas minority did not know exactly. On the other hands minority of workers in both hospitals (10.7% -34.7%) revealed that medical wastes are not temporarily stored in suitable place. So far, majority of workers revealed that storage place has enough rooms for medical wastes but neither safe nor associable one and have no marks indicating medical waste storage area. On the other hands, majority of workers (90.9% -93.1%) indicated that medical wastes are stored in a suitable area inside the hospital with enough ventilation, lighting and easy access with sufficient capacity but no safety (89.7% -100%) and no marks. Our results agree with previous reports [23] [24] [25] revealed similar results in hospitals in China and Istanbul. In contrast, different results were obtained in a hospital in Nablus in Palestine [5] which revealed that there is no special storage room for medical waste in the hospitals. Nevertheless, medical waste collection, vehicle transport, storage are not comply with WHO standards for medical waste collection and transport. Moreover, the workers revealed that Ministry of Health has four incinerators for medical waste but they are not comply with WHO or EPA standards. Moreover, medical waste officers revealed that MOH has two landfills in Gaza Strip. One is located in the north (Joher El Deek landfill) and received medical wastes from Al-Shifa hospital and the second one is located in south Gaza (Al Fokhari landfill) and received medical waste from Al-Aqsa Hospital.
Occupational Health and Safety
Occupational health and safety replies indicated that majority of workers (91%) in both hospitals have no injury from dealing with medical wastes this probability due to vaccination before starting work. Nevertheless, workers revealed that they did not receive vaccinations periodically during work in the hospital. Additionally, majority of workers (57.1% -67.3%) in both hospitals indicated that have knowledge about the medical waste management process whereas minority (42.9% -32.7%) revealed opposite reply. On the other hand the majority of workers (91.7% -92.9%) indicated that they received a training course in the field of medical waste management. In another question, majority of workers (60.7% -61.2%) indicated that they did not know the capacity of medical waste bags.
Medical Waste Management Policies and Regulations
Results of interview with infectious control stuff emphasized that there is no clear policy and plan in place for managing medical waste at Al Aqsa hospital. There is no definite policy or plan for purchasing the necessary equipment and for providing the facilities for the correct management of medical waste in the hospital. Infection control unit in the hospital has adopted a medical waste management guideline prepared by the infection control unit in Nasser hospital but this is not strictly followed. There are still areas where medical wastes are not managed properly at the hospital. For instance, Infectious waste is not separated from normal in some sections. The hospital does not have a regular report about how medical waste management is practiced and the process of performing respective studies is also not reported.
Discussion
Socio Demographic and Other Parameters
The data in Table 1 clearly demonstrated variations in the socio demographical parameters of medical waste employees in both hospitals. these variations emerged from the fact that population has different culture and educational levels. Moreover, the hospitals are categorized from the largest hospitals and have different specialization and they serve different population beside the fact that population size and their socio economic parameters are quite different. These parameters are stand behind different replies of medical waste workers. Moreover, the differences in medical waste collected from both hospitals ( Table 2) are probably emerged from the type of medical service provided by the hospital. For instance Shefa hospital did more surgical operation than any hospital in Gaza (Ministry of Health 2016 unpublished results), accordingly pathological wastes or infectious waste may be larger than any hospital. In the other hands Al-Aqsa hospital did many primary healthcare practices than other hospital in Gaza accordingly sharp waste generation may the highest at this hospital. Nevertheless, authors elsewhere [26] [27] [28] [29] [30] found similar results.
Furthermore medical waste segregation practice at both hospital (Table 3 ) stated different replies to the same question in both hospitals. The explanation of these results is that the medical stuff used to have new workers who did not yet received enough training consequently there replies are not in the same mode of replies but we have to consider them. Nevertheless, these differences in replies have also been reported in different countries [3] [6] [31] [32] . Additionally, medical waste segregation practice at hospitals (Table 4 ) has similar trend and explanation as above.
Moreover, Field observations indicated the presence of red, yellow and black boxes for sharp waste, infectious waste and normal waste respectively. This indicated good practice of medical waste management but this is still below the required level of quality [23] , this is probably due to poor country.
Furthermore, Table 5 clearly indicated that waste bags were filled above their storage capacity and closely tied before transfer to the dumping site. The explanation of these results is medical waste bags are not easy to get them beside the fact that they are a little bit more expensive than regular bags. Accordingly the medical waste workers make use of each bag and filled it above the storage capacity. Furthermore, the volume of medical waste generated every day was above the volume capacity of the bags, accordingly the works made their efforts to remove the waste regardless that it was above capacity. Moreover, no leakage was observed from the bags regardless that medical waste was filled above capacity range. The explanation of this fact is that medical wastes were separated on site. And the wastes were gone to the right collection device. Additionally no leakage was observed from the bags probably because they are nearly dry wastes. Furthermore wet medical wastes such as those generated from surgical operation rooms or gynecology rooms were transferred directly to the incinerator in side hospital.
Nevertheless, the differences in replies of medical staff on medical waste transport methods (Table 6 ) are due to the fact that the medical waste workers belonged to different age group, educational levels and have different training course about medical waste management (Table 1 ). These differences in medical waste replies are quite normal since many authors revealed similar differences elsewhere. For instance Abor [33] from south Africa, Ferdowsi et al., [34] form Iran and Awodele et al. [35] from Nigeria reported similar observation.
Moreover, the discrepancy of replies in Table 7 emerged from the fact each hospital has his own area beside the fact that the total area of each hospital is quite narrow accordingly the medical waste is not suitably and safely stored. Our results agree with previous reports [23] [24] [25] that reported similar results in hospitals in China and Istanbul. In contrast, different results were obtained in a hospital in Nablus in Palestine [5] which revealed that there is no special storage room for medical waste in the hospitals. So far it appeared that medical waste were dumped in two landfills in Gaza Strip belonged to Ministry of health, one of them is located in the north part of Gaza (Joher El Deek landfill) and received medical wastes from Al-Shifa hospital and the second one is located in south Gaza (Al Fokhari landfill) and received medical waste from Al-Aqsa Hospital.
The high level of occupational health among medical waste staff may emerged from the fact that they have various levels of education (Table 1 ) and probably they received training course during work. Our findings are in accordance with authors from Turkey [25] from China [36] and elsewhere [3] who revealed the importance of training course in the field of medical waste management inside hospitals.
Medical Waste Management Policies and Regulations
The absence of clear policy and plan for managing medical waste at both hospitals emerged from the fact that both hospitals are under an ongoing contraction, and upgrading to meet the increasing demands of the populations in Gaza. Furthermore, the wars that Gaza Strip faced during the last five years makes the priority of development for human health not for medical waste management although both things are so critical for human life. 8) The absence of a suitable place for temporary storage. 9) Lack of logistical support to improve hospital waste management.
Limitation of the Study
Environmental Relevance of Medical Waste
The environmental relevance of this work emerged from the fact that medical waste contains pharmaceuticals that can be of harmful effects to many organisms in the ecosystem [37] [38] [39] a source of infection to new born [40] [41] and/or children [42] . Furthermore, part of medical waste can be remediated and be used for biogas production [43] [44].
Conclusion
Medical waste is generated from medical practice such as therapeutic procedures like dialysis, surgery, delivery, resection of gangrenous organs, autopsy, biopsy, Para-clinical exams, and injections among others. Segregation of medical wastes into infectious medical waste and non-infectious medical waste was not conducted according to definite rules and standards. The hospitals did not label infectious waste with Biohazard symbol. Separation of medical waste and general waste were not done at satisfactory methods. Wheeled trolleys are used for on-site transport of waste from the sites of production (different wards) to the temporary storage area or to the Municipal containers for final disposal. The working staff of medical waste in both hospitals did not use almost complete personal protective equipment. Al Shifa hospital has an incinerator for infectious waste disposal. Non-infectious waste was disposed using land disposal method in Joher El Deek and Al Fokhari landfills. Workers in medical waste were trained in potential hazards. The study showed that El Shifa and Al Aqsa hospitals don't have any policy for managing medical waste. Medical waste management was not adequately practiced according to WHO's recommended standards.
